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a b s t r a c t
The indirect detection of particle dark matter (DM) is based on the search for anomalous components in
cosmic rays (CRs) due to the annihilation of DM pairs in the galactic halo, on the top of the standard astro-
physical production. We revise here the most recent results on the DM searches for γ -rays, antiprotons,
antideuterons and positrons in CRs.
© 2014 Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).C1. Introduction
The nature of the dark matter (DM) in the Universe keeps being
one of the most intriguing problems in fundamental physics and
cosmology. The most common hypothesis for particle DM consists
of weakly interacting massive particles (WIMPs), supposed to be
cold thermal relics after the Big Bang and to build up the galactic
dark haloes. The so-called indirect DM investigation technique re-
lies in the search for its stable annihilation products in the halo of
galaxies, and in particular in the Milky Way. The indirect DM de-
tection focuses on rare components in charged cosmic rays (CRs)
[1] as well as in γ -rays and, more generally, in multiwavelength
photons [2,3]:
χ + χ → qq¯,W+W−, . . .→ p¯, D¯, e+, γ ,& ν ′s. (1)
The investigation of these annihilation products is pursued by
means of ground based telescopes, balloon borne detectors and
space-based experiments. The charged CRs reach eventually the
Earth after diffusing on the galactic magnetic fields. The lowest en-
ergy (below O(10) GeV) CRs, moreover, suffer the effect of the so-
lar wind which drifts particles out of the heliosphere. On the other
side, γ -rays and photons in general are not distorted neither sig-
nificantly absorbed along their way to the Earth, and are therefore
searched in the sky portions where they are predicted to be over-
abundant with respect to the astrophysical background.
2. Annihilation into photons
The γ -ray flux dΦγ /dEγ from DM annihilating particles as a
function of observed energy Eγ , when looking at the direction ψ
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in the sky, by an experiment with spatial resolution α and under a
solid angle∆Ω = 2π (1− cos α), may be expressed as [4,5]:
dΦγ
dEγ
















ρ2(r(s, ψ, θ))ds. (2)
The DMmass ismχ , and ⟨σannv⟩ is the averaged annihilation cross
section times the relative velocity. Bi is the branching ratio into the
final state i and dN iγ (Eγ )/dEγ is the photon spectrum per annihi-
lation (which depends on the annihilation channels). The sum is
in principle performed over all the annihilation channels. The last
term in Eq. (2) contains the (squared) DM density ρ(r) (r being
the galactocentric distance) integrated along a distance s from the
Earth in the direction along the line of sight (l.o.s).
The first part of Eq. (2) includes the details of the assumed par-
ticle physics model for the WIMPs. Often, analyses are carried in
generic models, in which the ⟨σannv⟩ is fixed to a representative
value and the annihilation in supposed to occur via a unique chan-
nel. The second part of Eq. (2) has an astrophysical origin and it is
usually modeled according to the results of cosmological collision-
less simulations, generally predicting a steepening of the DM pro-
file in the inner parts of the resolved halos (e.g. [6,7] and references
therein).
The search for γ -rays of DM origin has been intensively pur-
sued in these last years, thanks to the excellent performances of
the Large Area Telescope (LAT) on the Fermi γ -ray space Telescope
(Fermi).
One of themost favored targets have been identified with espe-
cially dense regions such as the galactic center [8,9], andMilkyWay
satellites like faint and ultra faint dwarf galaxies [10,11]. The lat-
ter targets provide quite constraining upper limits on the ⟨σannv⟩,
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mass. Searches have been performed in cosmological structures
as well [12–16]. A recent analysis of Fermi-LAT data of the galac-
tic center region has unveiled the feature of a narrow line close
to 130 GeV [17–19]. The Fermi-LAT Collaboration sets its signifi-
cance to a mere 1.6σ (in somewhat different target regions) when
considering a larger set of re-processed data and a 2D modeling
of the energy dispersion [20,9]. The interpretation in terms of an-
nihilating DM would in any case require a loop-suppressed direct
annihilation into photons anomalously larger. Only a quite larger
exposure will allow to clarify the statistical robustness and po-
tential instrumental effects of the line feature. The new observa-
tion strategy for Fermi approved by the Collaboration1 could get
this reachable by the end of 2014 [21].
At high galactic latitudes, a faint γ -ray irreducible emission has
been measured, and shown to be isotropic at a high degree [22].
The Fermi-LAT has already reported the detection of a non-zero
angular power spectrum (APS) above the noise level [22]. Given
the low background level, the high latitude emission can provide
stringent bounds on the DM annihilation strength [23–25], even
if a detailed knowledge of both the galactic and the extragalactic
background has proven to be crucial [26].
3. Dark matter into charged CRs
The DM annihilation may occur also to charged light antimat-
ter, such as antiprotons, antideuterons, and positrons. An oversim-
plified picture of the Galaxy consists of a thin stellar disk, where
astrophysical sources are located; a diffusive, cylindrical magnetic
halo extending beneath and above the galactic disk, where diffu-
sion takes place. A much more extended spherical DM halo em-
beds the diffusive halo and may be the source of charged particles
produced by WIMP DM pair annihilation.
Once charged particles produced in DM annihilation are re-
leased in the diffusive halo, they experience the same diffusion and
propagation history as all the galactic CRs [27]. However, given the
DM sources are mostly located in the halo of the Galaxy – at vari-
ance with the CRs from astrophysical sources, located in the galac-
tic disk – the exotic (DM induced) and astrophysical originated CRs
are sensitive to propagation parameters in different ways. We re-
mind to [1,28], and refs. therein, for all the details relating to prop-
agation of CRs originated from DM annihilation.
3.1. Annihilation into antiprotons
The differential rate of antiproton production as a function of
space coordinates r and z, and antiproton kinetic energy Tp¯ is de-
fined as:











For the solution of the transport equation for a generic source term
qDM(r, z, E)we remind to [29,28].
The secondary antiproton flux is due to spallation reactions
among p and He CRs and the H and He in the interstellar medium
(ISM). Antiprotons from astrophysical sources have been shown
to be highly compatible with the most recent Pamela data [30].
Presently, the antiproton flux tool has been shown to be extremely
powerful in setting limits to DM annihilation [30–33]. The ma-
jor obstacle is still the uncertainty due to CRs propagation, which
severely affects the prediction of primary fluxes. Amajor improve-
ment is expected by the boron-to-carbon data collected by the
AMS-02 experiment, which will improve the constraints on the CR
propagation parameters.
1 http://fermi.gsfc.nasa.gov/ssc/proposals/alt_obs/obs_modes.html.3.2. Annihilation into antideuterons
In the seminal paper [34], itwas proposed cosmic antideuterons
as a possible indirect signature for galactic DM. It was shown that
the antideuteron spectra deriving from DM annihilation are ex-
pected to be flatter than the secondary astrophysical component
at kinetic energies as low as Td . 2–3 GeV/n. This argument moti-
vated the proposal of a space-borne experiment [35,36], looking
for cosmic antimatter (antiproton and antideuteron) and having
the potential to discriminate between standard and exotic com-
ponents for a wide range of DM models. A prototype flight has
been undertaken recently [37]. The present experimental upper
limit [38] is still far from the expectations on the secondary an-
tideuteron, flux which are produced by spallation of cosmic rays
on the interstellar medium [39,40], but perspectives for the near
future are very encouraging.
The production of cosmic antideuterons is based on the fusion
process of a p¯ and n¯ pair. One of the simplest but powerful treat-
ment of the fusion of two or more nucleons is based on the so-
called coalescence model [34,41], while more complex modelings
have been recently considered (see [42] and refs. therein). The sec-
ondary antideuteron flux is the sum of the six contributions corre-
sponding to p, He and p¯ CR fluxes impinging onH andHe in the ISM,
and is affected by a non-negligible uncertainty band [40]. The pri-
mary DM induced source relies on the fusion of nucleon produced
according to Eq. (3). As shown in [41,42], the antideuteron flux in-
duced by DM annihilation largely exceeds the secondary contribu-
tion for energies.GeV/nucleon, and is therefore a quite promising
indirect DM inspection left to next generation space borne detec-
tors. The predictions, similarly to the antiproton flux, are affected
by huge astrophysical uncertainties but, again, they could be sig-
nificantly reduced by the next-to-come AMS-02 nuclear data.
3.3. Annihilation into positrons
The annihilation of DM into positrons occurs both directly
and from hadronization and decay processes [43]. In the case of
positrons and electrons, the diffusive equation (Eq. (2)) is domi-
nated by energy losses and space diffusion. In particular, above a
few GeV the energy losses by synchrotron radiation in the galactic
magnetic fields and by inverse Compton scattering on stellar light
and on CMB photons dominate. Like for antiprotons, a background
of secondary positrons is produced by the spallation of the inter-
stellar medium by impinging high-energy particles [44]. The dom-
inant mechanism is the collision of protons with hydrogen atoms
at rest producing charged pions π± which decay into muons µ±.
The latter are also unstable and eventually lead to electrons and
positrons.
The positron fraction has been recently measured by the
Pamela [45,46] and confirmed by Fermi-LAT [47] and AMS-02 [48]
experiments. A rising trend of the positron fraction has been con-
firmed by all the experiments at high energies. It has been shown
that the data may be accommodated within astrophysical models
predicting electron and positron emissions from pulsars and near
supernovae remnants (see [49–51] and refs. therein). A possible
DM contribution cannot be excluded, but it requires huge boost
factors and peculiar annihilation final states [30,52].
4. Conclusions
The indirect dark matter detection through photons (mainly
γ -rays) and charged cosmic antimatter is discussed. We have out-
lined the present state-of-the-art, showing that this kind of re-
search is experiencing an intense experimental activity, which
requires a detailedmodeling for the data interpretation. The forth-
coming measurements will be crucial to ascertain the presence of
WIMPs in the halo of our Galaxy and to hint at their particle physics
nature.
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